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Abstract

This study aims to explore the potential benefits of incorporating Vedic mathematics
techniques into advanced calculus education. By analyzing the effectiveness of Vedic math in
enhancing students' understanding and performance in advanced calculus, this study seeks to
provide insights into how Vedic mathematics can be used to improve the teaching and
learning of calculus. Through a comprehensive literature review and empirical research, this
study will assess the impact of Vedic mathematics on students' calculus proficiency, problem-
solving skills, and overall academic performance. The findings of this study could have
significant implications for the development of new teaching strategies and pedagogical

approaches in advanced calculus education.

Introduction

The main purpose of teaching mathematics in schools is to foster a logical mentality towards
the subject. Nowadays, mathematics is a mandatory subject for primary and secondary school
students. However, many students consider mathematics to be a dry and challenging subject.
It is the responsibility of teachers to make mathematics education easy, enjoyable, and
accessible to every child. Mathematics is considered the mother of all sciences and is vital in
everyone's life. Without mathematics, it would be difficult to survive in daily life.
Mathematics is used by everyone, from students to businesspeople. It is impossible to
imagine life without mathematics. Many ancient cultures, including India, developed simple
methods and techniques to solve mathematical problems, which were later used in various
fields like construction of temples, medicine, science, astrology, etc. Due to these
developments, India became the richest nation in the world. Therefore, every child has the

right to receive quality mathematics education to succeed in life.
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MATHEMATICS — MEANING AND DEFINITIONS

The term 'Mathematics' might be characterized in various manners. The word reference
significance of mathematics is that "it is either the study of number and space or the study of
estimation, amount and extent. Bacon said "Mathematics is the entryway and key to all
sciences”. All the above definitions underline mathematics as an instrument particularly
appropriate for managing logical ideas. As indicated by Lindsay, 'Mathematics is the
language of actual sciences and absolutely not any more wonderful language with its signs,
images, terms and activities, which can deal with thoughts with an accuracy and succinctness
that is obscure to different dialects.

The National Policy of Education (NPE) (1986) expressed "Mathematics could be considered
as a medium to prepare a kid to foster his intuition limit, to foster his thinking power, and to
intelligible legitimately”. Mathematics ought to be displayed as a perspective, a

craftsmanship or type of magnificence, and as human accomplishment.

Nature of Mathematics

e Mathematics — A study of Discovery: The statement of mathematics connections are in
representative structure in words, in letters, by outlines or by chart. At first a youngster's
revelations might be observational. Yet, later, when its force of deliberation is enough
evolved, it will actually want to see the value in the certitude of the mathematical ends
that it has drawn. This will give it the delight of finding mathematical facts and ideas.
Mathematics offers a simple and early chance to make free disclosures.

e Mathematics — A scholarly Game: Mathematics can be treated as a scholarly game with
its own guidelines and with no connection to outside models. From this perspective,
mathematics is chiefly a question of riddles, oddities and critical thinking — a kind of
sound mental exercise.

e Mathematics-The Art of Drawing outcomes: One of the significant elements of the
school is to acclimate kids with a method of thought which helps them in reaching right
determinations and derivations.

e Mathematics-As a Tool Subject: Mathematics set up its own objectives to seek after. Its
tutors of the past designing, actual science and trade presently turned into close to its
companions. As indicated by Howard F. Fehr (1996), "If mathematics had not been
valuable, it would sometime in the past have vanished from our school educational

program as required examination".
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e Mathematics-An Intuitive Method: Intuition when applied to mathematics includes the
concretization of a thought not yet expressed as a type of tasks or model. A kid shapes a

disguised arrangement of constructions for addressing his general surroundings.

BACKGROUND OF MATHEMATICAL INFORMATION IN THE VEDAS

"Veda" has two essential implications. The initial, an exacting interpretation of the Sanskrit
word is "information” (Veda). The second, and most normal significance of the word, alludes
to the consecrated old writing of Hinduism, the Vedas, an assortment of songs, verse, and
Hindu stylized formulae (Veda). Accepted to be one of the most established human put down
accounts, the Vedas date back more than 4000 years. All in all, the Vedas incorporate
engineering, cosmology and so on In spite of the fact that there is contention about whether
the actual Vedas really incorporate reference to mathematics, the refined mathematics has
really been followed back to the Vedic time. Antiquated Indian Vedic human advancements
are known for being gifted in calculation, polynomial math and computational mathematics
adequately complex to join things like unreasonable numbers. Besides, all old Indian
mathematics writing is formed totally in stanza; there was a custom of creating short sutras,
similar to those of Vedic mathematics, to guarantee that data would be safeguarded regardless

of whether put down accounts were harmed or lost.

MATRICS, DIFFERENTIALS AND INTEGRATION
MINORS

Consider the determinant A=allal2al3a21a22a23a31a32a33

If the element aij is removed from the row and column, the minor of the element aij is
expressed as Mij.

The minor of the element al2=a21a23a31a33=M12

The minor of the element a23=allal2a31a32=M23

The minor of the element a33=allal2a21a22=M33

e Co-factors:

The cofactor of the element aij is the minor multiply by (-1) i+ j.
The element'’s co-factor is al2 = Al2.

Al12=-11+2M12
=(-1)1+2a21a23a31a33=(-1)3a21a23a31a33=-a21a23a31a33
The Co-factor of the element a23=A23

A23=-12+3M23
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=(-1)2+3allal2a31a32=(-1)5allal?2a31a32=-allal?a31a32
The Co-factor of the element a33= A33

A33=-13+3M33

= (-1)6allal2a2la22=allal?a21a2?

e Adjoint of a Matrix:

The Adjoint of a Matrix is obtained by first constructing a matrix from the co-factors of the
elements in the provided matrix A, and then transposing it.

If A=allal2al3a2la22a23a31a32a33 then

Adj (A) = transpose of the matrix formed by co-factor
Adj(A)=A11A21A31A12A22A32A13A23A33 Where, Aij is the Co-factor of the element aj;.
[1]

If A=133143134 is given matrix, then find its Adjoint.

Al1l = the co-factor of allin

A = (-1)1+14334 = (-1)24334=4334=16-9=7

Al12= the co-factor of a;2 In

A = (-1)1+21-323 = (-1)31-323=-1-323=-(3+6)=-9

Similarly,

Al13=-5, A21=-4, A22=1, A23=3,A31=-5, A32=4,A33=1
Adj (A) = transpose of the matrix formed by co-factor
Adj(A)=A11A21A31A12A22A32A13A23A33=7-4-5-914-531
Where, Aijis the Co-factor of the element aij
~Adj(A)=7-4-5-914-531

INTRODUCTION TO DIFFERENTIAL CALCULUS:

The development of both the Differential Calculus and the Integral Calculus is the most
significant mathematical achievement. For a wide variety of real-life applications which
require us to find change in one parameter with respect to another for Differential Calculus
plays an important role.

For any function at a given point, you can find its derivative geometrically by drawing an

angle at that point, then evaluating the slope. If y = f(x) given then

dy ,
— =1
By using Dhvaja Ghata (power):
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The method to find first differential of the each term of the quadratic expression ax2 + b x +
¢, is by multiplying its Dhvaja Ghata (power) by the Anka (its coefficient) and educing by
one.

Example: 1

Find derivative of quadratic expression X2 - 9x + 14

Let E=x2-9x + 14.

As per current method, taking derivative of y w.r.t. x
dy_
E_ 2X — 9(1) +0

L _2x-9

dx

By using Dhvaja Ghata,

Finding first differential of each term of quadratic expression x2 - 9x + 14,

x? gives 2x; - 9x gives - 9 and 14 gives zero.
Therefore, D1 =f :—x (x2-9x +14)=2x-9.

Calana-Kalanabhyam Sttra: Meaning:

Differential Calculus Discriminant of the quadratic first differential and square root of
Discriminant are shown in this Siitra. SR BHARATI KRA known this Sitra was the
Calculus formula for finding the two roots of a quadratic equation that was given. First
differential, he argues, is equal to the square root of original quadratic equation's
discriminant.

Thus, roots of given quadratic equations are obtained by solving two simple equations.
Example:

Solve : x> —x-12=0

The first differential D; = 2x - 1 and

The square root of the discriminant is + V1 + 48 =+ V49 = +7

As per above rule, Dy =+ \VDiscriminant . 2x - 1 = +7

Thus the given equation is broken down into two simple equations

A 2X-1=47
L2X=+7+1
~x=40Rx=-3
2eway ~ 462
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FACTORS OF POLYNOMIALS & DIFFERENTIAL CALCULUS BY
GUNAKASAMUCCAYAN:

There is a relationship between factors and their successive differentials in polynomials. It is
possible to calculate the differentials of a polynomial if one knows its factors.

Differential Calculation Procedure:

Write given polynomial in its standard form with 1 being constant term preceding Xp.
Substitute linear factors for the polynomial's coefficients.

D1 of a polynomial is obtained by adding factors according to the Guakasamuccaya Stra.
Below are examples of how to find Differentials of Quadratic Expression, Cubic Expression,
and Quartic Equation, as well as a polynomial of 5th power.

D5 = 5! [Sum of factor-products taken (n-5) at a time]

Differentials of quadratic expression:
According to Guakasamuccaya Siitra, if we can factorize the quadratic equation in two linear
factors a; = x + m and a = x + n then then by adding that two linear factors we get 1st
differential D1.
First Differential D1 = 1! [Sum of factor product taken (2 - 1) = 1 at a time]
Second differential D2 = 2!
Example
Evaluate possible differentials for given expression x2 - 9x + 14
As per current method,
Differentials of Cubic Expression:
For cubic expression if we can factorize into three linear factors
ap =(x +r),a, = (x +s)anda3 = (x + t);
Now, differentials are as follows.
First Differential D1 = 1! [Sum of factor product taken (3-1) = 2 at a time]

3

i.e.D; = Z a;a; = [a1a, + azas + a,a3]
ij=1

Second Differential D2 = 2! [Sum of factor product taken (3 - 2) =1 at a time]
i.e.D, =213} _a;=2![a; +a, +az] =2 [(x+ 1)+ (x+5)+ (x+1)]
Third differential D = 3!

Example:

Find possible number of differentials of cubic expression x* + 7x* + 14x + 8.

First find factors of E = x% + 7x% + 14x + 8

-
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Sum of all coefficients is not zero.i.e.1 + 7+ 14+ 8 £0
=~ (x—1) is not a factor of given expression.
Sum of co-efficient of even power of x =7 + 8.
Sum of co-efficient of odd power of x =1 + 14
le.7+8=1+14=15
= One factor of given expression is (X + 1).
By Adyamadyenantyamantyena, divide the 1st and the last term of given expression E by the
first and last term of already found factor i.e. (x + 1) respectively.
Since given expression is in cubic form, we get the first and last co-efficient of the quadratic
expression.
First co-efficient = x; = x2& last co — ef ficient = ? =8
For finding middle coefficient, subtract the sum of the above obtained co-efficient of
quadratic expression
l.e. 1 + 8 =29 from the sum of co-efficient of odd (even) power = 15
i.e. 15- (1 + 8) = 15 - 9 = 6 is the co-efficient of the middle term of quadratic expression.
~Q=x+6x+8
By using Anuriipyea and Adyamadyenantyamantyena Siitras:
Q=(x+2)(x+4)
SE=xC+ 1A+ T +8 = (x + 4) (X + 1) (X + 2)
Another way for finding Factors:
LetE=x’+7x"+14x+8
Here,
Sum of co-efficient of even power of x = Sum of co-efficient of odd power of x = 15 & the
last term is 8.
Factorsof8:1,2,40R 2, 2, 2.
Sum of the three factors = 7 (- co-efficient of ¥’ =a+ b +c =7)
~ We selectthe group 1,2, 4. [+ 1+2+4=7]
Also testing for the co-efficient of the variable x.
Here Y ab = 14 = co-efficient of x.
SE=xX+ 72+ 14x+8=(x+4) (x+1) (x+2)
First differential D1 =37 ;_, a;a;; i # j,i <j
=x2+6X+8+ X +3x+2+ X +5x+4

=3x° + 14x + 14
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Second differential D2 =2!Y?_; a;
=2[(x+4)+ (x+2)+(x+1)]
=2(Bx+7)=6x+14

Third differential D3 =3! =6

ANALYSIS AND DATA INTERPRETATION

This plays the most important role in any research work which provides a link between the
data (whether qualitative or quantitative) the researcher has and the information or
interpretation he can derive from his research data collected from different sources. To know
the effectiveness of the Vedic method of calculus over the traditional method, above
mentioned null hypotheses would be tested for a two-tailed test using t-test for small sample

e Testing of Null hypothesis - No. 1

To test the null hypothesis No. 1 ‘There is no significant difference between Average scores
of both C.G and E.G of the under-graduate after Pre-test’, t-test for small sample is used
with the above- mentioned formula. The necessary values for calculation as a t-value of both
C.G and E.G are given in Table No.:1

Table No: 1 Necessary values for calculation- t-value of C.G and E.G on Pre-test.

Group Name N Average S.D. | t-value t-value df| Status  of
(o) (Calculated) (Table Null-
value) hypothesis
Experimental 30 | 8.00 3.12 0.565 2.00 @0.05 56| Failed to
Group ' level reject
Control Group | 28 | 8.43 2.58 2.66 @0.01
level

the t-value calculated using table 2 came out to be 0.57 (or 0.565) is less than the table value
at both 0.05 and 0.01 with df 56 (N; + N, -2). Therefore, the null hypothesis cannot and has
not been rejected at both levels of significance. This indicates that “difference between the
Mean of the control and experimental groups is not statistically significant”. So, both the
groups had performed similarly in respect of pre-test on calculus knowledge.

» Testing of Null hypothesis
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To test the null hypothesis No. 2, ‘Not much deviation was found between mean scoring
values of control and experimental groups of under-graduates after Post-test’, t-test for small
sample is used with the same formula used for testing the null hypothesis - 1. The necessary
values for calculation - t-value of C.G. and E.G are given in Table No. 3.

Table No: 2 Necessary values for calculation- t-value of C.G. and E.G on Post-test.

Group Name |, Average S.D. | t-value t-value df [Status of
(6) | (Calculated) ((Table Null-

value) hypothesis
Experimental | 30 | 17.83 1.90 16.02 2.00 @0.05 56 Rejected
Group level
Control 28 | 10.46 1.64 2.66 @0.01
Group

level

The t value calculated using Table 3 was come out to be 16.02 higher as compared to
significant value 0.05 as well as 0.01 with deg of freedom 56. Therefore, “null hypothesis”
has been rejected at both significant values. This indicates that the deviation in mean scoring
values of the control and experimental groups is statistically significant at 0.05 and 0.01
levels of significance. The research hypothesis revealed the much variation in mean scoring
values of both groups on the Post-test may be accepted. So, Experimental group having
more mean value has performed better in the post-test. As other variables are constant for
both the group, change in the dependent parameter (achievement in calculus) is result of
independent variable (Vedic method of calculus). Thus, it can be concluded that the Vedic
method of calculus is effective over the conventional method in terms of students’

achievement in the Post-test.

« Testing of Null hypothesis - No. 3:

To test the null hypothesis No. 3 ‘Not much deviation observed in Mean scoring values on
the Calculus Test amongst Experimental Group after Post-test on basis of gender, same
formula has been used to calculate t-value. The necessary values for calculation and t-value

of boys as well as girls of the Experimental Group on Post-test are given in Table No.: 4.
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Table No.:3 Necessary values for calculation- t-value of boys, girls of the Experimental
Group on Post-test

Experimental N | Average S.D. | t-value | t-value df| Status of
Group-Name () | Calcul | (Table Null-

ated | value) hypothesis
Boys 19| 17.63 1.89 0.77 2.05@0.05 level 28 Failed  to
Girls 11| 18.18 1.85 2.76 @0.01 level reject

The t value calculated using Table 6.4 was come out to be (0.77) that is greater as
compared to significant values 0.05 and 0.01 with df 28 (N1 + N2 -2). So, the null
hypothesis could not be rejected at both levels of significance. This indicates that the
deviation in mean scoring values of the boys as well as girls of Experimental Group is not
statistically significant. It may be concluded that gender could not play any role in the Post-
test of sixth graders on the Vedic method of calculus.
» Testing of Null hypothesis - No. 4
To test the null hypothesis No. 4 ‘Not much deviation was found in mean scoring values on
the Calculus Test of the Control group of under-graduates after Post-test based on gender, the
same formula has been used to calculate t-value. The necessary values for calculation and t-
value of boys as well as girls of Conventional Group on Post-test are given in Table No: 5.
Table No :4 Necessary values for calculation and t-value of boys, girls of Conventional
Group on Post-test

CG |y Average | S.D. t-value t-value df Status of
Name Calculated (Table Null-
value) hypothesis
Boys 15 | 10.93 1.12 165 2.06 @0.05 26| Eailed to
Girls 13 1 9.92 1.94 level reject
2.78 @0.01
level

The t value calculated using Table 5 was come out to be 1.65 that is less than the significant
values 0.05 and 0.01 with df 26 (N1 + N2 -2). Therefore, the null hypothesis cannot be
rejected at both levels. This indicates that deviation in mean scoring values of the boys as
well as girls of Conventional Group is not statistically significant. As the difference of
means of boys andgirls are not significant it may be concluded that gender could not play any

role in the Control group on the Post-test of under-graduates mthe Vedic method of calculus.
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» Testing of Null hypothesis - No. 5
To test the null hypothesis No. 5 ‘Not much deviation was found in mean scoring values
between both Conventional Group and E.G on the Calculus Test of the E.G, the same
formula has been used to calculate t-value. The necessaryvalues for calculation and t-value
of pre, post-test of the E.G., are given in Table No: 5.

Table No:5 Necessary values for calculation and t-value of pre-test and post-test of
Experimental group

E.G. Name N| Average | S.D. t-value t-value df Status of
Calculated Table Null-
value hypothesis
Pre-test 30/ 8.00 3.12 14.89 2.00  @0.05 g Rejected
Post-test 30| 17.83 1.90 level
2.66 @0.01
level

The t value calculated using Table 6 was come out to be (14.98) that is higher as compared
to significant values 0.05, 0.01 with dreg of freedom 58. Therefore, null hypothesis has
been rejected at both levels. This indicates that the deviation in mean scoring values of Pre-
test as well as Post-test of E.G is statistically significant. As the difference of mean is
significant it may be concluded that students of the E.G have implemented better in post-
test due to implementation of independent variable, Vedic method of calculus. This also
indicates that the Vedic method of calculus helped the experimental group to minimize
their mistakes and get a better result.

« Testing of Null hypothesis- No. 6
To test the null hypothesis No. 6 ‘Not much deviation has been found in mean scoring
values Pre, Post-test on Calculus Test of Conventional Group, the same formula has been
used to calculate t-value. The necessary values for calculation -t-value of pre, post-test of
Conventional Group is given in Table No: 6

Table No.: 6 Necessary values for calculation- t-value of pre, post-test of

Conventional Group.

C.G. N Aver. | SD. t-value t-value (Table df Status  of
Calculate |value) Null-
d hypothesi
Sevs, - 468
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Pre-test | 28 | 8.43 | 2.58 362 2.00 @0.05 level 58 Rejected
Post-test | 28 | 10.46 | 1.64 2.66 @0.01 level

The t value calculated using Table 6 was come out to be (3.62) that is higher as compared to
significant values at both 0.05, 0.01 with deg of freedom 58. So, null hypothesis is rejected
at both levels. This indicates that the deviation in mean scoring values of the Pre, post-test of
the Conventional Group. is statistically significant. As the difference of mean is significant
it may be concluded that students of the experimental group have performed better. But the
mean score is very less in comparison to the averagescore of the E.G. It may be concluded
that using the traditional method of calculus students failed to minimize the common
mistakes which can be avoided by the Vedic method of calculus as shown in the case of the

Experimental group.

CONCLUSION

In conclusion, the application of Vedic Mathematics techniques in the context of advanced
calculus has shown promising results in enhancing students' understanding and performance
in this field. Vedic Mathematics principles have been derived from ancient Indian texts, such
as the Vedas, and have been passed down through generations of scholars and
mathematicians. The principles of Vedic Mathematics are based on sutras or aphorisms that
contain the essence of a particular mathematical concept or technique.

In the context of advanced calculus, Vedic Mathematics techniques have been used to solve
complex problems involving derivatives, integration, differential equations, and partial
differential equations. The use of Vedic Mathematics techniques in these areas has shown to
improve students' ability to solve problems quickly and efficiently, especially in mental
calculations.

One of the primary benefits of using Vedic Mathematics techniques in advanced calculus is
their simplicity and ease of use. These techniques are easy to learn and can be applied to a
wide range of mathematical problems, allowing students to solve complex problems with
ease. The use of Vedic Mathematics techniques has also been shown to help students develop
their mental calculation abilities, which is an important skill in many fields.

Another benefit of using Vedic Mathematics techniques in advanced calculus is their cultural
significance. Vedic Mathematics is part of India's rich cultural heritage and reflects the
country's tradition. The use of these techniques helps to promote cultural diversity and

understanding in mathematics education.
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However, it is important to note that the use of Vedic Mathematics techniques in advanced
calculus should not replace the traditional methods of teaching. Rather, it should be used as a
supplement to the traditional methods, as it can provide students with additional tools and
techniques to solve complex problems.

Further research is needed to explore the full potential of Vedic Mathematics techniques in
advanced calculus education. Future studies should investigate the effectiveness of Vedic
Mathematics techniques on students' long-term retention of concepts, as well as their
performance in higher-level mathematics courses. Additionally, studies should also explore
the impact of Vedic Mathematics techniques on students from different cultural backgrounds
and with varying levels of mathematical proficiency.

The application of Vedic Mathematics techniques in the context of advanced calculus has
shown promising results in enhancing students' understanding and performance in this field.
The use of these techniques can provide students with additional tools and techniques to solve
complex problems, as well as promote cultural diversity and understanding in mathematics
education. Further research is needed to fully explore the potential of Vedic Mathematics

techniques in advanced calculus education.
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